Abstract. Cure rates for American cutaneous leishmaniasis (ACL) range between 60% and 90%. Early evidence suggests lower cure rates for early ACL before the development of the ulceration. We evaluated risk factors for treatment failure in patients with early and classic ulcerative ACL. Patients (n = 136) were 13-60 years of age and had lesions with a duration of 15-90-days. Patients were treated with antimony (20 mg/kg/day for 20 days). The primary outcome was lesion cure by 90 days without recurrence. Patients with early ACL (n = 16) had papules, nodules, plaques, or superficial ulcerations with less than 30 days of illness. Patients with classic ulcerative ACL (n = 120) had ulcerated classic lesions, longer duration, larger lesions, and higher levels of interferon-g and tumor necrosis factor-a ( P £ 0.01 for all comparisons). Ulcerated lesions were associated with a lower treatment failure rate compared with early ACL (25.8% versus 75.0%; P < 0.001). Early treatment of ACL does not prevent lesion ulceration and is associated with higher rates of treatment failure.
INTRODUCTION
Leishmaniasis is a vector-borne protozoal disease endemic to 88 tropical and sub-tropical countries. 1 There are a presumed 12 million cases of leishmaniasis and 2 million new cases each year, of which 1.5 million are cutaneous leishmaniasis. 1 American cutaneous leishmaniasis (ACL) is a major health problem in Brazil and has an incidence of 8.1 cases per 1,000 persons in the southern part of the state of Bahia where Leishmania braziliensis accounts for more than 95% of all cases of ACL. 2 American cutaneeous leishmaniasis typically manifests as a single ulcerated lesion with elevated borders on exposed inferior limbs. Lesions may also be vegetative, verrucous, sporotricoid, or lupoid. 3, 4 Host and parasite factors may influence the clinical outcome and response to therapy for leishmaniasis. [5] [6] [7] In the Old World, ulcers caused by L. major heal even without antimony therapy. 8 Ulcer healing in ACL usually occurs 50-90 days after initiation of therapy. 9, 10 Innate and type 1 immune responses play a central role in macrophage killing intracellular Leishmania spp. and consequently in response to therapy. 11, 12 When cellular immune response to Leishmania antigen is decreased, patients infected with L. amazonensis developed diffuse cutaneous leishmaniasis characterized by multiple nodular lesions with macrophages filled with parasites and poor therapeutic response to all known leishmanicidal drugs. 3, [13] [14] [15] Interestingly, the development of a type 1 immune response is not indicative of protection. Although a modulated Th1 response that controls L. braziliensis infection is observed in persons who do not develop disease (sub-clinical L. braziliensis infection), 16, 17 exaggerated production of interferon-g (IFN-g) and tumornecrosis factor-a (TNF-a) is observed in patients with ACL and patients with mucosal leishmaniasis. 11, 18 Evidence in humans that tissue damage in leishmaniasis is immune-mediated includes the presence of a local inflammatory infiltrate and high levels of IFN-g and TNF-a, despite few or no parasites 19, 20 and accelerated re-epithelization of mucosal and cutaneous lesions with immunomodulators such as granulocytemonocyte colony-stimulating factor or pentoxifylline in association with antimony. 9, [21] [22] [23] [24] Most persons with ACL have classic ulcers 30-60 days after initial appearance of the lesion. However, through a surveillance program developed in our disease-endemic area, we have been able to identify persons in the early phase of the disease, when they only have lymphadenopathy or nonulcerated lesions. 25, 26 We reported previously a series of cases with low cure rates despite early treatment of ACL. 27 In the present study, we compared response to therapy in patients with early cutaneous lesion (early ACL) and patients with classic ulcerated lesions (classic ulcerative ACL). We also evaluated clinical and immunologic features associated with treatment failure.
METHODS
Study site and patient selection. This study was a compilation of two prospective cohort studies of patients who came to a leishmaniasis referral center in a disease-endemic area in the southern part of the state of Bahia, Brazil. This clinic treats an average of 800 cases per year and serves a population of 500,000 people living within a 30-km radius. 28 Patients 13-60 years of age with two distinct forms of ACL were enrolled into cohort studies during two different times ( Figure 1 29 25 µg of antigen in 0.1 mL of solution was injected into the volar forearm. Patients with evidence of mucosal disease or dissemination (³ 10 lesions on ³ 2 body regions involved), women who were pregnant or breast-feeding, and patients with diabetes, infected with human immunodeficiency virus, or with venous insufficiency were excluded.
Patient follow-up and laboratory analyses. After diagnosis, all patients provided 30 mL of blood and 3 stool samples, and began treatment with 20 mg/kg/day of intravenous antimony (pentavalent antimony, meglutamine antimony; Sanofi Aventis, Bridgewater, NJ) for 20 days. Patients returned for follow-up at 15-30 day intervals until treatment cure and every 3 months up until one year to evaluate reactivation of the disease or appearance of new lesion. There was no lost in the follow-up until day 90, and all patients were seen after one year of therapy. All lesions were characterized and photographed, and area of lesions and lymph nodes were measured at each visit. The criteria for cure included complete re-epithelization of the lesion on day 90 as confirmed by two experienced clinicians after one course of antimony, and no reactivation or no detection of a new lesion after one-year of follow-up. Patients with helminth co-infection were treated with the appropriate anti-helminth oral regimen 60 days after the initiation of antimony treatment. Parasitologic assay of feces consisted of sedimentation, Baermann method, and Kato-Katz method for all three samples.
Immunologic testing was performed on a convenience sample of 40 patients with classic ulcerative ACL and all 16 patients with early ACL. Levels of Th-1 cytokine IFN-g and TNF-a in the supernatants of peripheral blood mononuclear cells (PBMCs) were measured by using an enzyme-linked immunosorbent assay after stimulation with L. braziliensis antigens. 18 Briefly, PBMCs were obtained by densitygradient centrifugation using a lymphocyte separation medium (Organon Teknika, Durham, NC). Cells were washed in saline and adjusted to a concentration of 3 × 10 6 cells/mL in RPMI 1640 medium (Gibco-BRL, Gaithersburg, MD) supplemented with 10% AB + serum that contained 100 U of penicillin/g and 10 µg/mL of streptomycin. Supernatants were stored at −20°C. Results of cytokine assays were expressed in picograms per milliliter on the basis of a standard curve generated by use of recombinant cytokines.
Statistical analysis and ethics. Stata Version 7.0 software package (StataCorp LP, College Station, TX) was used for all analyses. Normally-distributed continuous variables were compared using the unpaired Student t tests and non-parametric continuous variables were compared with the Wilcoxon rank sum test. Fisher's exact test was used to analyze categorical data. The cumulative probability of healing stratified by lesion type was estimated using the Kaplan-Meier method, and the log-rank test was used to compare the curves. Univariate and multivariate Cox proportional-hazard models were used to analyze the association between multiple variables and time to healing. Written informed consent was obtained from all adult patients and from parents or guardians of minors. This study was reviewed and approved by the ethics committee of the Hospital Universitário Professor Edgard Santos, Salvador, Brazil, and by the institutional review board of Weill Cornell Medical College, New York, New York (Institutional Review Board Protocol # 0412007660).
RESULTS
A total of 136 patients were enrolled in the study during [2004] [2005] [2006] . There were 16 patients with early ACL lesions, including papules, nodule, plaques, and superficial ulcerations. Classic ulcerative lesions were present in 120 patients. Most patients in both groups had a single lesion (72.8%) in the lower limbs. However, patients with early ACL had more lesions on the face and on the superior limbs. Specifically, 43.8% of the patients with early ACL had lesions on the lower extremity, 37.9% on the head or neck, 12.5% on the arm, and 6.3% on the hands. There was no association between location of primary lesion and treatment failure ( P = 0.78). Helminth co-infection was common (88.2%) and most patients had more than one helminth (73%). There was no difference in participants with early ACL forms and classic ulcerative forms for sex, age, number of lesions, or helminth burden ( Table 1 ) . There was a tendency for higher prevalence of Schistosoma mansoni and Strongyloides stercoralis in patients with classic ulcerative lesion but no statistically significant difference was found. Compared with patients with early ACL, patients with classic ulcerative ACL had significantly larger primary lesions (median = 265 mm 2 [interquartile range (IQR) = 110-475] versus 30 mm 2 , IQR = 20-54, P < 0.001) and longer duration (mean ± 37.7 ± 19.9 days versus 21.1 ± 5.9 days; P < 0.001). Ulcerated lesions were also associated with larger intradermal immune response to skin testing (median = 210 mm 2 , IQR = 132-323 versus 144 mm 2 , IQR = 99-192, P = 0.01), and higher median levels of IFN-g (median = 7,579 pg/mL, IQR = 5,098-8,355 versus 86 pg/mL, IQR = 0-236, P < 0.01) and TNF-a (median = 1,526 pg/mL. IQR = 928-2,078 versus 307 pg/mL, IQR = 46-901, P < 0.001) in supernatants of lymphocyte cultures ( Figure 2 ). Healthy persons usually have undetectable levels of IFN-g levels and undetectable levels of TNF-a or levels less than 50 pg/mL.
Classic ulcerative ACL was associated with lower treatment failure rates at the 90-day study endpoint compared with early ACL (25.8% versus 75.0%, respectively; P < 0.001). All early ACL patients who failed to antimony therapy developed ulcerative lesions. The Kaplan-Meier analysis presented in Figure 3 ). shows that patients with early ACL took longer to heal than those with classic ulcerative ACL. We used crude and adjusted Cox proportional hazards models to quantify the effect of demographic and clinical variables on lesion healing time ( Table 2 ) . In these models, a hazard ratio (HR) > 1 means that the variable was associated with shorter healing time. In the univariate model, lesion ulceration was strongly associ- Intradermal immune response was again associated with lesion healing (HR = 1.16, 95% CI = 1.14-1.33), and helminth co-infection remained associated with prolonged healing (HR = 0.43, 95% CI = 0.24-0.77).
DISCUSSION
The natural history of ACL is well-documented. After initial bite by the sandfly, a small papule or nodule appears within a few weeks and develops into the classic ulcer over 2-3 weeks. [30] [31] [32] However, patients only look for medical care after development of the classic ulcerative lesion. Recent attention has been given to detecting and treating ACL in F igure 2. Pre-treatment levels of A , tumor necrosis factor-α and B , interferon-γ in supernatants of peripheral blood mononuclear cells stimulated with Leishmania braziliensis antigens, in patients with early non-classic American cutaneous leishmaniasis (ACL) and classic ulcerative ACL. Horizontal lines denote medians. Wilcoxon rank sum test was used for analysis.
T able 1 Demographic and clinical characteristics of study participants with American cutaneous leishmaniasis (ACL)
* Normally distributed and non-normally distributed continuous variables were compared using unpaired t tests and Wilcoxon rank sum tests, respectively. Categorical variables were compared using Fisher's exact test.
† Cytokine data were based on a convenience sample of 40 persons with ulcerated lesions and all 16 persons with early non-ulcerated lesions. early forms to limit the risk of disfiguring ulcers or the development of mucosal or disseminated forms. 25, 26 It is known that large ulcers, multiple cutaneous lesions and failure with antimony therapy are risk factors for development of mucosal disease. 33, 34 Early evidence in one case series suggested high rates of treatment failure despite early treatment of ACL, 27 and in a recent study in Peru, failure in therapeutic response was associated with lesions treated with a duration of less than five weeks. 35 Previously, therapeutic failure or delayed healing had been associated with age, increased duration of disease, presence of multiple lesions, large lesions, parasite species, and helminth infections. 28, [36] [37] [38] In this study, we confirm that treatment of early ACL does not prevent lesion ulceration and is associated with higher rates of treatment failure than classic ulcerative lesions of longer duration.
Our study is the first to compare patients with early ACL with those who have classic ulcerative ACL. The paradigm for treating most infectious diseases is that early diagnosis and treatment generally results in a higher cure rate. This finding is of utmost importance in ACL caused by L. braziliensis where long-term ulceration is a risk factor associated with development of mucosal disease. 33, 34 We showed that use of antimony in patients with early ACL was associated with a high failure rate. This finding could not be explained by the presence of more risk factors for treatment failure in patients with early ACL. In fact, these patients had a shorter duration of illness and smaller lesion sizes compared with patients with classic ACL.
Moreover, the number of lesions and frequency of helminths were similar in both groups.
Studies of patients with early ACL are difficult to perform. Most patients present only after recognition of the classic ulceration. The nature of this disease and its disease-endemic area make early diagnosis difficult. Duration of the lesion is also subject to substantial recall bias. We believe that lesion characteristics in this study were a better marker for duration of disease than the duration reported by participants. Regional lymphadenopathy, degree of ulceration, or local immune response may be better markers of lesion duration. 26, 27, 39 It is known that immune response plays a pivotal role in the pathogenesis of ACL. Interferon-g produced by T cells activates macrophages leading to killing of Leishmania spp. However, high levels of IFN-g and TNF-a are found in supernates of PBMCs and at the lesion site in patients with classic ACL and mucosal leishmaniasis, and cure of infection is associated with decreasing in cytokine level. 12, 18, 40 Additionally, there is a correlation between type 1 immune response and lesion size 39 and a correlation between numbers of cells expressing TNF-a and the intensity of the inflammation. 20 The documentation here that patients with early ACL had lower levels of TNF-a and IFN-g and had a worse prognosis indicate that a poor type 1 immune response as observed in the early phase of CL is also harmful because it may contribute to parasite persistence and non-healing of the lesion. Subsequently, a strong cellular immune response develops in these patients that is associated with ulcer development. This model is supported by the observation that interleukin-10 is produced in high amounts in patients with early ACL 41 and plays an important role in parasite persistence after infection by down modulate IFN-g production. 42 The documentation that in early phase of ACL antimony alone is not effective indicates that alternative drugs should be used for treatment of leishmaniasis patients previous to ulcer development. Unfortunately, we have few options because miltefosine and aminosidine are not commercially available in Brazil. Amphotericin B is the second-line drug and is quite effective in patients with ACL and in patients with mucosal leishmaniasis who fail to antimony therapy, but the side effects and the need for hospitalization limit its use in patients that have an initial lesion, when patients do not recognize that he or she has leishmaniasis. Pentamidine has been successful used in the treatment of patients with cutaneous leishmaniasis caused by L. guyanensis in northern Brazil, 43 and we have shown that F igure 3. Lesion healing in patients with classic ulcerative American cutaneous leishmaniasis (ACL) (n = 120) and early ACL (n = 16), P < 0.01 by log rank test. Number of patients still at risk is indicated underneath the curve.
T able 2 Association of risk factors with time to lesion healing in patients with American cutaneous leishmaniasis treated with antimony* * CI = confidence interval; LST = Leishmania skin test; IFN-g = interferon-g; TNF-a = tumor necrosis factor-a. † Multivariate Cox proportional hazard models adjusted for ulceration, LST area, and helminth co-infection. ‡ n = 46 persons with cytokine data.
Risk factor
Crude hazard ratio (95% CI) P Multivariate hazard ratio † (95% CI) P 44 Therefore, a good option would be an association between pentamidine and antimonial compounds for treating these patients.
